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ABSTRACT: A nonsaturated logic circuit compatible with 
'ITL and DTL circuits. The output transistor of the logic cir 
cuit has its base terminal connected to the junction ‘of a re 
sistor divider pair and its collector terminal connected 
through a diode to the drive input of the resistor pair. When 
current ?ows through the resistor divider pair to turn on the 
transistor, the diode conducts and the collector of the output 
transistor is clamped to a voltage higher than that which would 
otherwise be obtained in the absence of the diode. The 
transistor does not saturate and the transistor can then be 
turned o?' rapidly. . 4 
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NONSATURATED LOGIC CmCUlTS CGMPATIBLE 
Wl'li‘llll TTL AND DTL ClilRCUll'il‘S 

This invention relates to logic circuits compatible with TTL 
and DTL circuits, and, more particularly, to nonsaturated 
logic circuits of this type. 

in TI‘L (transistor-transistor-logic) circuits, the output 
transistor of a logic stage typically has its collector voltage 
switch between levels of approximately 0.2 and 3.4 volts. 
These levels are sufficient to prevent or control the driving of 
the input transistor in a succeeding stage. Similar remarks 
apply to DTL (diode-transistor-logic) circuits, these circuits 
being operated at generally the same voltage levels. The dif 
ferences between the two types of circuits are well known to 
those skilled in the art; although reference hereinafter is made 
to TI‘L circuits, it is to transistor understood that the logic cir 
cuit of my invention is equally applicable to DTL circuits 
which have the same voltage operating levels as TI‘L circuits. 

Typically, the output transistor of a logic stage has its 
emitter terminal connected to ground. The output of the stage 
is taken at the collector of the transistor. When the transistor 
is turned off, the collector of the transistor is held at a high 
potential, for example, 3.4 volt as as mentioned above. On the 
other hand, when the transistor is turned on, there is a small 
voltage drop across the collector and emitter terminals of the 
transistor and the output voltage drops toward ground. If the 
transistor saturates, as is the usual case, the output potential is 
in the order of0.2 volts. 
TI'L circuits of the type described are advantageous in that 

they provide a high degree of noise immunity, consume little 
standby power and permit small chip con?gurations. How 
ever, 'ITL circuits suffer from a major disadvantage which 
results from the fact that the transistor at the output of the cir 
cuit is saturated when it is conducting. With a low output (col 
lector) voltage, the transistor stores considerable charge 
(primarily due to the base-collector capacitance), which 
charge must be removed before the transistor can be turned 
off. Consequently, even though the base of the transistor may 
subsequently be lowered in potential to turn the transistor off, 
until the stored charge is removed, the transistor conducts 
current and the output potential remains low. This not only 
slows down the operation of the device, but also contributes to 
the well-known skewing (phenomenon) whereby different 
transistors, even on the same chip, turn' off with different 
speeds. 

It is a general object of my invention to provide a logic cir~ 
cuit whose output transistor does not saturate in order that the 
transistor be capable of turning off rapidly. 

Brie?y, this is accomplished by clamping the collector of 
the transistor through a diode to the drive voltage extended to 
the base of the transistor. in the illustrative embodiment of the 
invention, the collector of the transistor is clamped such that 
its voltage cannot drop below 0.4 volts due to the incorpora 
tion of the diode and a resistor divider network which control 
both the driving of the base of the transistor and the voltage 
extended through the diode to the transistor collector. With 
the collector of the transistor being limited in its downward 
swing to 0.4 volts, the transistor does not saturate and can turn 
off rapidly when the base drive is cut off. 

It is a feature of my invention to provide a diode emitters, 
and a voltage divider drive for the base of the output transistor 
of a logic circuit to limit the downward voltage swing at the 
collector of the transistor and to prevent the saturation of the 
transistor when it is turned on. 

Further objects, features and advantages of my invention 
will become apparent upon consideration of the following 
detailed description in conjunction with the drawing, in which: 

FIG. 1 depicts a typical prior art TTL circuit; and 
H6. 2 depicts an illustrative embodiment of my invention. 
Referring to the circuit of FIG. 1, various potentials are 

shown adjacent to several of the transistor terminals. 
Transistor 01 serves as a decoder with a different input signal 
being applied to each of its three emitter terminals. when at 
least one of the emitter inputs is low in potential (0.4 volts), 
the transistor conducts and the various terminals in the circuit 

15 

25 

30 

40 

45 

50 

55 

60 

70 

75 

2 
assume the voltages without the parentheses in the drawing. 
On the other hand, when all of the input terminals are high in 
potential (3.4 volts), the various terminals assume the voltages 
shown in parentheses in the drawing. 
When at least one of the emitter input potentials is 0.4 volts 

or less, base-emitter current ?ows through transistor 01. It is 
assumed that the base-emitter drop of each transistor is 0.8 
volts. Consequently, the base of transistor Q1 assumes a volt 
age of 1.2 volts as a result of current ?owing from source 10 
through resistor 12 and the base-emitter junction of the 
transistor. It is further assumed that the emitter-collector 
potential of a conducting transistor is 0.2 volts. Consequently, 
the collector potential of transistor 01 is 0.6 volts. 

Since the emitter of transistor O2 is extended through re 
sistor 22 to ground and the base of the transistor is only 0.6 
volts, the base-emitter drop is insufficient to turn the transistor 
on. The emitter terminal remains at ground potential and the 
collector of the transistor, extended through resistor 14 to 
source 10 which has a magnitude of 5 volts, remains at a level 
of 5 volts. The 5-volt potential is applied to the base of 
transistor Q3 and this transistor turns on. Transistor Q3 con 
ducts and current ?ows from source 10 through resistor 16, 
the transistor and resistor 20 to output terminal 40. Depend 
ing on the capacitance at the input of the load connected to 
terminal 40 (typically, the input circuit of a succeeding stage), 
the output voltage at terminal 40 starts to rise. It is desirable to 
drive the load with a large current in order that the output 
potential at terminal 40 rise rapidly. To increase the current 
drive, the emitter of transistor O3 is connected to the base of 
transistor Q4. Transistor Q4 serves as a current ampli?er, cur 
rent ?owing from source 10 through resistor 18 and transistor 
04 to the load. The output voltage rises rapidly due to this 
large charging current. While transistor 03 conducts, its col 
lector potential drops. However, as soon as the output voltage 
rises to the “high“ level, transistors 03 and Q4 turn almost 
completely off and the collector voltage of transistor O3 is 5 
volts as shown. Transistor Q5 does not conduct because its 
base terminal is connected through resistor 22 to ground and 
it is held at ground in the absence of conduction of transistor 
Q2. 
The output voltage appearing at terminal 40 depends upon 

the input impedance of the load. Assuming that the input im 
pedance is such that transistors Q3 and 04 remain on with. 
minimum current ?owing through them (it is for this reason 
that the collector of transistor 03 remains at approximately 5 
volts), the drop across each of the base-emitter junctions is 0.8 
volts. Consequently, the emitter potential of transistor 03 is 
4.2 volts and the emitter potential of transistor O4 is 0.8 volts 
less, or 3.4 volts. 
When all three inputs to transistor Q1 are high (3.4 volts), 

the base-emitter junctions of transistor ()1 are reverse biased. 
In such a case, the base-collector junction conducts current 
and functions as an inverted transistor. Current ?ows into the 
base of transistor Q2 and this transistor turns on. The emitter 
current which ?ows through resistor 22 raises the potential at 
the emitter of transistor Q2 and in turn forward biases the 
base-emitter junction of transistor Q5. Assuming a 0.8 volt 
drop across the base-emitter junction of transistor ()5, the 
emitter of transistor 02 is held at 0.8 volt. Assuming the same 
drop across the base-emitter junction of transistor 02, the 
base of transistor 02 is held at 1.6 volts. Similarly, with the 
same drop across the base-collector junction of transistor Q1, 
the base potential of transistor Q1 is 2.4 volts. 
With transistor 02 conducting, its collector potential is 0.2 

volt greater than its emitter potential. The base of transistor 
Q3 is thus held at l volt. There is thus only 1 volt to be 
dropped across the base-emitter junctions of both of 
transistors Q3 and Q4—an amount insufficient to enable the 
conduction of the transistors. Consequently, the collector of 
transistor 03 is held at the 5-volt potential of source 10 and no 
current flows through transistors Q3 and Q4. Since transistor 
05 conducts, current ?ows from the load (not shown) through 
terminal 40 and transistor Q5. Since the collector-emitter 
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drop of a saturated transistor is 0.2 volt, the collector potential 
of transistor O5 is 0.2 volt. With terminal 40 at 0.2 volt, and 
the base of transistor Q3 held at 1 volt, there is a total of 0.8 
volt to be dropped across the base‘emitter junctions of 
transistors Q3 and Q4. Assuming equal drops across the two 
junctions, it is apparent that the base of transistor Q4 (the 
emitter of transistor Q3) is held at 0.6 volt. 
With transistor Q2 delivering a large emitter current, 

transistor Q5 can turn on rapidly. The problem with the prior 
art circuit of FIG. 1 is that when it is necessary to turn the 
transistor off——by causing any one of the emitter inputs of 
transistor Q1 to go low in potential-it takes considerable 
time before the potential at terminal 40 rises from 0.2 volts to 
3.4 volts. This is due to the fact that the tum-off delay of 
transistor Q5 depends upon the speed at which the stored 
charge in transistor Q5 dissipates. The charge dissipates 
through resistor 22 and it would appear that the rapid turnoff 
of transistor Q5 could be controlled by decreasing the mag 
nitude of this resistor. However, if the resistor is decreased in 
magnitude, a larger current drive from transistor Q2 is 
required in order to turn on transistor Q5. Since resistor 22 
cannot be decreased in magnitude to a negligible value, the 
turnoff of transistor O5 is limited in speed. What is often even 
more of a problem is that due to the variable capacitance 
which is exhibited by transistor Q5 in several circuits even on 
the same chip, the turnoff time varies from stage to stage. 
The circuit of FIG. 2 is similar to that of FIG. 1 except that 

resistor 22 of FIG. 1 is replaced by resistors 24 and 26, and 
diode D is provided between the emitter of transistor 02 and 
the collector of transistor 05. In the illustrative embodiment 
of the invention, resistor 24 has a magnitude which is half of 
the magnitude of resistor 26. 
When at least one of the emitters of transistor O1 is low in 

potential, transistor Q1 conducts and its collector potential is 
0.6 volt as in the case of the circuit of FIG. 1. The base-emitter 
junction of transistor O2 is not forward biased and no current 
?ows through resistors 24, 26 and diode D. Transistor Q5 
remains off as in the case of FIG. I and the collector potential 
of the transistor is at 3.4 volts. The voltage at each of the 
transistor terminals (the voltages without parentheses) is the 
same as the voltage at the same terminal in the circuit of FIG. 
1. 
The operation of the circuit is different, however, when all 

of the inputs of transistor Q1 go high. In such a case, transistor 
Q2 conducts and transistor Q5 turns on. With a 0.8 volt drop 
across the base—emitter junction of transistor Q5, the junction 
of resistors 24 and 26 is at 0.8 volt. Assuming that the base of 
transistor Q5 draws negligible current, all of the current which 
flows through resistor 26 also ?ows through resistor 24. Since 
resistor 24 is only half the magnitude of resistor 26, the drop 
across resistor 24 is only half the drop across resistor 26. Since 
the drop across resistor 26 is 0.8 volt, the drop across resistor 
24 is 0.4 volt, and the emitter of transistor Q2 is held at poten 
tial of 1.2 volts. With a 0.8 volt drop across the base-emitter 
junction of transistor Q2, the base of the transistor is held at 2 
volts, and with a similar drop across the base-collector junc 
tion of transistor Q1, the base of transistor QR is held at a 
potential of 2.8 volts. 
The signi?cant thing to note is that the emitter of transistor 

02 is now held at 1.2 volts rather than 0.8 volt, and the emitter 
of transistor Q2 is coupled through diode D to the collector of 
transistor Q5. The drop across diode D is the same as the drop 
across the base-emitter junction of a transistor. (In practice, 
diode D can be a transistor whose collector and base terminals 

- are coupled together.) With a 0.8 volt drop across diode D, 
the cathode of the diode is held at 0.4 volt. Consequently, the 
collector of transistor 05 is held at 0.4 volt since it is clamped 
through diode D to the 1.2 volt potential at the emitter of 
transistor 02. Transistor Q5 does not saturate since its collec 
tor voltage does not drop to 0.2 volt. 

With a 0.2 volt drop across the collector and emitter ter 
minals of transistor 02, the collector of transistor O2 is held at 
a potential of L4 volts. Since the emitter of transistor Q4 is at 
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4 
a potential of 0.4 volts, there is a 1 volt drop across the base 
emitter junctions of transistors Q3 and 04. Neither transistor 
conducts, and assuming an equal drop across each junction 
the emitter potential of transistor O3 is 0.9 volt as shown. 
The output level of 0.4 volt at terminal 40, while higher than 

the 0.2 volt level in the circuit of FIG. 1, is still low enough to 
be considered a “low” level in a TTL integrated circuit. The 
signi?cance of the higher “low” level is that transistor Q5 can 
now turn off much faster. There is much less charge stored in 
the base collector capacitance of transistor Q5 and this charge 
rapidly dissipates through resistor 26 when one of the inputs to 
transistor 01 goes low to control the turning off of transistor 
Q5. The potential at the collector of transistor QS'thus rises 
more rapidly than it does in the prior art circuit of FIG. 1. 

It should be noted that the value selected for resistors 24 
and 26 determine the “low" collector potential of transistor 
05. The junction of the two resistors is held at a potential of 
0.8 volt due to the base-emitter drop of transistor 05. The 
relative magnitudes of the resistors determine the potential at 
the junction of diode D and resistor 24, the potential at output 
40 being 0.8 volt less than the potential at this junction. For 
example, to increase the “low” level potential at terminal 40 
to value slightly higher than 0.4 volt, e.g., 0.5 volt, resistor 24 
should be increased in magnitude slightly to increase the 
potential at the junction of the resistor and diode D by 0.l 
volt. 

Although the invention has been described with reference 
to a particular embodiment, it is to be understood that this em» 
bodiment is merely illustrative of the application of the princi 
ples of the invention. Numerous modi?cations may be made 
therein and other arrangements may be devised without de 
parting from the spirit and scope of the invention. 
What I claim is: 
l. A nonsaturated logic circuit comprising an output 

transistor having emitter, base and collector terminals, a ?rst 
source of potential, means connecting said emitter terminal to 
said ?rst source of potential, a voltage divider network includ 
ing ?rst and second series-connected impedance means, said 
?rst impedance means having one end thereof connected to 
said ?rst source of potential with the junction of said series 
connected impedance means being connected to said base ter 
minal, diode means connected between said collector terminal 
and the other end of said second impedance means, said diode 
means being poled in the direction of vcurrent flow through 
said collector terminal, drive means for causing current to 
flow through said ?rst and second impedance means for turn 
ing on said output transistor and for lowering the potential of 
said collector terminal, a second source of potential greater in 
magnitude than said ?rst source of potential, and means for 
causing said second source of potential to raise the potential 
of said collector terminal in the absence of the conduction of 
said output transistor. 

2. A nonsaturated logic circuit in accordance with claim 1 
wherein the magnitude of said ?rst and second impedance 
means relative to each other are such that with the conduction 
of said diode means and said output transistor the potential at 
said collector terminal is high enough to prevent saturation of 
said output transistor. 

3. A nonsaturated logic circuit in accordance with claim 2 
wherein said ?rst and second impedance means are resistors. 

4. A nonsaturated logic circuit in accordance with claim 3 
wherein said potential raising means includes current amplify 
ing means connected between said second source of potential 
and said collector terminal. 

5. A nonsaturated logic circuit comprising an output 
transistor having emitter, base and collector terminals, a ?rst 
source of potential, means coupling said emitter terminal to 
said ?rst source of potential, a voltage divider network includ 
ing ?rst and second series-connected impedance means, said 
?rst impedance means having one end thereof connected to 

I said emitter terminal with the junction of said series-con 

75 
nected impedance means being connected to said base ter 
minal, diode means coupled between said collector terminal 
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and the other end of said second impedance means, said diode 
means being poled in the direction of current ?ow through 
said collector terminal, drive means for causing current to 
flow through said ?rst and second impedance means for turn 
ing on said output transistor and for lowering the potential dif 
ference between said collector and emitter terminals, a second 
source of potential, and means for enabling said second source 
of potential to raise the potential difference between said col 
lector and emitter terminals in the absence of the conduction 
of said output transistor. 

6. A nonsaturated logic circuit in accordance with claim 5 
wherein the magnitude of said ?rst and second impedance 
means relative to each other are such that with the conduction 
of said diode means and said output transistor the potential 
difference between said collector and emitter terminals is high 
enough to prevent saturation of said output transistor. 

7. A nonsaturated logic circuit in accordance with claim 6 
wherein said ?rst and second impedance means are resistors. 

8. A nonsaturated logic circuit in accordance with claim 7 
wherein said enabling means includes current amplifying 
means connected between said second source of potential and 
said collector terminal. 

9. A nonsaturated logic circuit in accordance with claim 5 
wherein said ?rst and second impedance means are resistors. 

10. A nonsaturated logic circuit in accordance with claim 9 
wherein said enabling means includes current amplifying 
means connected between said second source of potential and 
said collector terminal. 

11. A nonsaturated logic circuit comprising an output 
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6 
transistor having emitter base and collector terminals, a ?rst 
source of potential, means coupling said emitter terminal to 
said ?rst source of potential, voltage divider network im 
pedance means having three terminals, means connecting one 
of said three terminals to said emitter terminal, means con 
necting a second of said three terminals to said base terminal, 
unidirectional current conducting clamping means coupled 
between said collector terminal and the third of said three ter- ' 
minals, said clamping means being poled in the direction of 
current ?ow through said collector terminal, drive means for 
causing current to ?ow through said voltage divider network 
impedance means for turning on said output transistor and for 
lowering the potential difference between said collector and 
emitter terminals, a second source of potential, and means for 
enabling said second source of potential to raise the potential 
di?'erence between said collector and emitter terminals in the 
absence of the conduction of said output transistor. 

12. A nonsaturated logic circuit in accordance with claim 
11 wherein said voltage divider network impedance means is 
such that with the operation of said clamping means and con 
duction in said output transistor the potential difference 
between said collector and emitter terminals is high enough to 
prevent saturation of said output transistor. 

13. A nonsaturated logic circuit in accordance with claim 
12 wherein said enabling means includes current amplifying 
means connected between said second source of potential and 
said collector terminals. 
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